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INTRODUCTION

SIUDY AUTHORITY

This study was conducted by the New England Division of the U.S. Army
Corps of Engineers at the request of the New Hampshire Office of State
Planning. Authority for this study is contained in Section 22, Public law
93-251 as amended "Planning Assistance to States" which authorizes
cooperation with the states in preparation of plans for the development,
utilization, and conservation of water and related resources.

(vrr ™t T TP TS TY

STUDY PURPGSE

This report is intended to provide New Hampshire water resource
planners with a general understandmg of the recreational carrying
capacity concept as well as related issues including the management of
lake resources for recreation. The New Hampshire Office of State Planning
is currently developing a lake management plan for Squam Lake.

STUDY SCOPE

e
In recent decades m*'thl“’th}". 1n water based recr atlnr.:1 dC;".u..L

has dramatically increased in the United States. As lakes have become more
heavily utilized, concerns over issues such as water safety, the "quality"
of the recreational experience, and the potential adverse impacts of
recreation on lake ecosystems have become more pronounced.

The concept of '"recreational carrying capacity" has proved to be a
useful management tool for dealing with questions of overuse in a varlety
of recreational settings. This report is intended to review the carrying
capacity concept, and its application to lake based recreational settings.
Also prov1ded is a dlscussmn of lake management techniques to enhance
carrying capacity, and a summary of the technical literature concerning
the envirommental affects of recreation on lakes. Finally, the
J.mpllcatlons of this work to lake management in the State of New Hampshire
are or 1EIJ.Y QJ.SCUSSGQ



THE RECREATTONAL [AKE CARRYING CAPACITY CONCEPT

Recreational carrying capacity is defined as the level of recreationai
use an area can sustain before an unacceptable decline in the quality of
the recreational experience or natural resources occurs (Pigram, 1983)
The ooncept is a highly subjective one. In contemporary terms, carrying
capacity is generally considered to be a range of values derived within
the context of specific management objectlves ard standards (Shelby and
Heberlein, 1986).

Several camponents of recreational carrymg capacity are reoogm.zed

"n 11} 1 -1 19 el M eV 2
These include ‘"physical", "economic", "ecological", and "social" carrying

capacity (Pigram, 1983) Each of these components is discussed in detail
below. Social carrying capacity is generally regarded to be the key
limiting factor in most recreational settings.

PHYSICAL CARRYING CAPACITY

Physical carrying capacity is concerned with the maximum number of
people (or boats, activities) that can be accommodated by a recreational

resource. The concent is rmnmally regarded to encampass absoclute space

requirements (i.e. the minimum spvace required for swimmers on a beach),
safety related concerns (i.e. the number of boats that can safely operate
on a lake), and the availability of support facilities (e.g. parking lots,
boat ramps, r%troon‘s) The latter is sometimes referred to as "Fac111t1es
Capacity‘. Physical carrying capacity is exceeded when use levels are
greater than those at which recreational activities can occur in a safe
and efficient manner. Although physical carrying capacity is sometimes
equated with recreational "space standards", the latter may be frequently
based on factors other than absolute space requirements, and safetv.

et

ECONOMIC CARRYING CAPACITY

Eoononuc carrying capac1ty refers to the level of activity above which
recreation has an unacceptaDJ.e econcmic impact on other resources. The
concept is applicable in situations where a recreational resource is
simultaneously utilized for a number of other purposes (i.e. water supply,
logging, commercial fisheries). Economic carrylng capacity would be
exceeded, for example, at a water supply reservoir, if the added operation
and maintenance costs associated with recreational activities exceeded
benefits derived from recreation.



SOCIAL CARRYING CAPACITY

Social carrying capacity is concerned with the impact of user density
~n Aol o~ MHameaT Sdmetl sl bl PR S S, TR s AN _3 A _ 3y St

on the "quality" of the recreational experience. Pigram (1983) defined it
as:

"... the maximum level of recreational use in terms of numbers of
activities, above which there is a decline in the quality of the
recreational experience from the point of view of the recreation
participant."

A more succinct working definition of social carrying capacity was
providad by Shelby and Heberlein (1586):

"The level of use bevond which social immacts exceed accentable levels

L At S g — Seheer—a O e and v

specified by evaluative standards"

Social impacts are defined in terms of the number, type, and location
of encounters recreationists experience with other individuals or groups
(e.g. the mumber of motorboats encountered per day by canceists in a
semi-wilderness lake). Use levels are evaluated in terms of same measure
of recreational gquality that is well ocorrelated with user density.
Proposed measures of recreational quality include: 1) user satisfaction,
2) perceived crowding, and 3) contact preference standards.

Social carrying capacity has frequently been evaluated in terms of
user satisfaction (i.e. how "good" a person feels about a recreational
experience) Although J.ntu1t1ve1y one would expect a strong negative
correlation between satisfaction and user density for many recreational

activities (Figure 1), most studies have failed to establish this
relationship (Shelby and Heberlein, 1586; Vaske et al., 1983; Graefe et
al., 1984). Because measures of satisfaction seem to be independent of
user density, the concept appears to have little utility as a measure of

recreational quality in carrying capacity Studl%. Measures of
satisfaction based on user surveys may be a poor measure of recreational
quality because pecple are able to freely choose their recreational
settmgs Those individuals who are sensitive to high user densities may
simply avoid using a heavily used recreational resource. Remaining
individuals may be more tolerant of hJ.ghe.r user densities or adjust their

~ ey ode A Lo
expectations to campensate for the situation.

Soc1al carrvina canacitv has also F‘r‘amu:niﬂv been avaluatred in terme
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of '"perceived crowding" (see Shelby and Heberlem, 1986). Perceived
crowding can be defined as "a negative evaluation of a certain density or
nmber of encounters in a particular setting". Perceived crowding can be
assessed simply by determining the percentage of individuals who feel
crowded. Based on a number of studles, Shelby and Heberlein (1986)
proposed that social carrying capaCJ.ty is probably exceeded if more than
two-thirds of users feel crowded. If fewer than one-third of individuals

feel crowded, an area was safely assumed to be below carrying capacity.

3



High

USER
SATISFACTION

Low

\

Low High
USER DENSITY

Figure 1: Relationship between user satisfaction and user
density in recreational settings (after Pi'griam, 1983).



Although perceived crowding is thought to be a more useful measure of
recreational quality than user satisfaction, it is often poorly correlated
with use levels (see Vaske et al., 1983) and may also be of limited

utility in carrying capacity studies.

A d-lnq-..-‘l b PRI Wy T R
a 11 edhnnigque for t:va..Lud.\..urg J.lllpdb(—b involves the establishment of

social norms which define the appropriate number of encounters in a
particular recreational setting (Shelby and Heberlein, 1986). These
standards can be expressed by encounter preference curves (Flgure 2) which
establish the tolerable range of encounters. Social carrying capacity can
be defined as the maximum level of use at which encounter levels are
within the tolerable range. Actual levels of encounters from field reports
can be ccmpared to encounter preference curves to determine if usage
exceeds carrying capacity. Although this technique has not been widely

> Yo aad 4 1 T adrr =1
applied, it may be more useful as a a measure of recreational quality than

either satisfaction or perceived crowding.
EQOLOGICAL CARRYING CAPACITY

Ecological carrying capacity is concerned with the J.mpact of
recreational activities on natural resources. The concept involves issues
related to both the sustainable use of recreational resources and human
perceptions of resource quality. Contemporary definitions include:

"The level of use of a recreation resource beyond which irreversible
deterioration takes place or degradation of the physical envirorment
makes the resource no longer suitable or attractive for that
recreational use." (U.S. Army Corps of Engineers, 1980)

"... the maximum level of recreational use in terms of numbers and
activities that can be accommodated by an area or an ecosystem before
an unacceptable or irreversible decline in ecosystem values occurs."
(Pigram, 1983)

Ecological carrying capacity is exceeded when a recreational resocurce is
stressed to the extent that preexisting environmental conditions cannot be
maintained by natural processes, or when the resource is no longer

perceived to be acceptable by users.

Various problems arise when attempting to quantify ecological
carrying capacity (Plgra.m 1983; Sowman, 1987). Ecological systems are
highly variable, and major difficulties arise when attempting to determine
what constitutes an "unacceptable or irreversible" decline in ecosystem
integrity. Furthermore it is often very difficult to establish a clear
cause amd effect relationship between the level of use and envirormental

impacts.
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Difficulties are also encountered because the ecological impact of a
particular recreational activity can vary. For example the impact of
fisherman and boaters on water fowl may only be significant for certam
critical periods during the nesting season.

Lakes also differ in sensitivity to recreational- impacts. For example
a small increase in nutrient input may have a measurable impact on the
productivity of oligotrophic lakes, but no discernible affect on nutrient

rich eutrophic lakes.

Ultimately, the determination of ecological carrying capacity is a
subjective decision which should be based on sound ecological principles,
a thorough Kknowledge of the relevant 1literature, and management
cbjectives. .

REIATIVE IMPORTANCE OF CARRYING CAPACITY COMPONENTS

Although in some recreational settings physical, economic, or
ecological constraints may 1limit recreational opportunities, social
carrying capacity is 1likely to be the limiting factor in most instances
(Shelby and Heberleln, 1986). In situations where social or ecologlcal
carrying capacity is exceeded, the manipulation of physical carrying
capacity by limiting the avallablllty of support facilities (e,q. parkmg
lot spaces), can be a useful management technique for meeting carrying
capacity guidelines. :



RECREATTIONAL IAKE CARRYING CAPACTTY STUNDTES

Various approaches have been employed to evaluate the recreational
carrying capacity of lakes and reservoirs. Early studies relied largely on
the establishment of rather arbitxaxy "space standaxds“ In recent years

stdies have becCGie more bUpILLbLJ.de&, but remain constrained by the

. .
subjective nature of the carrying capacity concept, the camplexity of lake

based recreational systems; and problems with methodology. mhmai-p‘lv

carrying capacity estmateﬁ rely on management ob‘lectlves and the needs
and desires of recreationists, both of which can vary between lakes, and
over time at the same lake.

v

The {following section describes a variety of approaches that have been
used to mﬁ"mm" lake carrying capacity concemns. Also presented is
™m

apmra'l amnroach for determining recreational carrving canacity +that
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be useful in lake-based recreational settings. Previous reviews of lake
carrying capacity studies include those of Jaakson et al. (1976), Hammon
(1974), and Ashton (1971).

SPACE STANDARDS
Nt

meymis narTv shidiec nrwida "enacra standards" for boating
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(Table 1). E'Stimate.s are largely based on safety concerns, though in some
cases user satisfaction, and other manaqement ob'jectlveﬁ are also taken
into account. Estimates for any particular type of boating vary widely,
and should be viewed only as general guidelines. There is general
agreement, however, that water sklmg and power boating require more water

surtace area than other types of Doatlng

Several factors nreclude the develonment of uniform snace standards

LS e aT e A ) ket R U S L= S e 5 e 3 40 =)

for boating. Most mportantlv is the wide variation between lakes in terms
of size, depth, shoreline development and other morphological parameters.
For example, a lake with many inlets and bays is likely to have greater

carrying capacity than a circular lake with the same surface area. Space

standards also fail to take into account potential conflicts between
different types of boating and other recreational activities. Regulations
mﬁy alsn i.m;_\a(:f' Spar‘o c‘!':nﬂ:n—ﬂe. For c.van‘wple' spaad lluius could
substantially lower the space requirements of high speed power boating.

Space standards are also available for swimming beaches (Fogg, 1981;
U.S. Bureau -of Outdoor Recreation, 1970). Standards vary widely. Those

presented by Fogg (1981) pmpose 8 - 20 persons per foot of shoreline for

"low" and "high" density beaches, respectively. Space standards, including
water and beach area, range from 75 (hich density) to 150 (low density)
square feet per person.

capa of sev heavily used Michigan lakes using regression models
toc relate use levels to user satisfaction. An arbitrary user satisfaction
level was set as a standard to define carrying capacity. User satisfaction



Table 1
Boating Space Standards
(Acres jper boat)

Artharity?® Gereral  NonFower  Rower Power Power Sailing  Water Fishing

Standard (unspec.) (<10 hp.) (unlimit.) Skiing

Allegheny Nat. Fer. (3) 1 5 1 20 1

Bur. Out. Recr. (1977) 2-10 3-18 " 7-20

Calif. Recr. Qxm  (2) 1

Qorps of Enginesers (1) 1

Fogg (1981) 0.5 0.5 3 0.25 3 0.2° 0.5

Grt. Iks. Basn. Cam. (1975) 10 2

Jaaksan (1984) 0.33 1.25

Louis. Park Recr. Cam. (1) 20 40 8

Manitaba (3) 50

Mn. Dept. Nat. Res. (3) 10

New York State (1978) 1 6-8 6-8 15-20

New Hampshire (1985) 1.5 8.8

Chio Dept. Nat. Res. (2) 5.5 7.5

Ortaric Min. Hsg (3) 10

Sirles (3) 0.8-1.8

Soil Conserv. Ser. (1) 3 3 5  0.2°0.35C

Sowman and Fuggle (1987) 5 20-40 1.2-10

Tichacek (3) 1 10-20 2 40 8

Wisc. Out. Rec. Plan. (1) 20 20~-40 8

Wisc. Dept. Nat. Res. 20

@

a See the following far aonplete citations

(1) Bur. Out. Rec. (1970)

(2) Eberwein (1984)

(3) Barstad ard Karasov (1987)

b andhared fishing
¢ trolling fishing.



was estimated for both boaters and waterfront nronertv cwners hv utilizinga

= SN sy e~ vY W S o -——-.--—-...7

interviews and self-administered questionnaires. Use levels were
determined by calculating a 'space consumption index" based on boat
densities and on estimates of the water surface area consumed by various
activities. Data on usage was cbtained at frequent (1 hour) intervals from

.2 PO T U, - -~ -

aerial photographs. A.u'_nougn Ashton and Chubb (1972) obtained carry:mg

P ol ~e =1 Tram, o~ — ThamadaTler mrmvmmrd i massma semacan o -
%pac*;ty em.lmatca, their valu are nigruy SuspeCt oeCause regressidn
models expl lained 1little of the variability between use levels and boater

satisfactlon .

The methods employed by Ashton and Chubb (1972) were refined and
further evaluated in studies of another Michigan lake by Rittenger (1976).
Tnis study ra.ued to find a significant correlation between use levels and

v ~ede i o . — S TR e R PR JX. Y
uSer’ Satisia L_.Luu, ard was thus unable "CO Proviae an estimate of social
carrying capacity. The failure to find a significant relationship between

use level and user satisfaction was attributed to problems associated with

the study design, aerial photography, aerial photo interpretation, and
data collection using interviews.

Overall, because user satisfaction is generally not correlated with

use LéVélS, the approach developed by Ashton and Chubb (1972) to
determine lake carrying capacity probably has little utility.

An alternative method of . determining lake carrying capacity was
developed by the U.S. Army Corps of Engineers (1980). This system bases
social carrying capacity estimates on 'user preference distributions"
(Figure 3). Preference distributions define the range of distances that
indviduals prefer to be from other recreationists. General preference

- v b N s . ~t T - cesa - . PO
distributions are tailored to irdividual situations by adjusting for

\mY‘1 ous w1 21 :-\M m\'rlmmfnl factors { "enﬂln'l ﬁamc}_t}r faC‘"‘rS")

Once distance quidelines are determined f—'or a specific site, they can
easily be converted to surface area quidelines (i.e. "space standards")
and compared to existing use levels. Existing use levels can be determined

from direct observations, aerial photography, and boat launch records.

i . e ~ e~ __ - -

Tne Corps (1980) study and accompanying technical report provides
detailed information concerning the application of this techruque.
Included are user preference distributions and social capacity factor
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values for a variety of other recreational activities. Values are based on

surveys of over 2000 users at various Corps pregec{:s across the cov.mtx};
Although this technique appears promising, its utility has apparently not
been further evaluated. As is the case with other methods, it may be of

Ooniy limited lIClJ.l'Cy ln complex situations where conflicts between
. pPReT S |

B U P
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afferent types of recreational activities exist.

Q.a

Klar et al. (1983) developed a complex mathematical model to aid in
development of a recreatlon management plan for the Quabbin Reservoir in
Massachusetts. The model integrated a variety of economic, envirommental,
and social factors to determine an optimal mix of recreational activities

for the reservoir (Figure 4). In this study recreational carrying
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Social Capacity Factors Table

Site Characteristics Variance User Characteristics ariance
Number of Other
Type of Area/Boat Activities
Power 35 <3 (48%) +36
Nonpower +156 >3 (52%) -65
Experience
None/Little (25%) +60
Some (22%) -10
Much (53%) -25
Travel Time
<30 min (39%) -40
>30 min  (81%) +25
Ana
I‘\HU
<26 (22%) -35
26-55 (70%) +10
>56 (8%) 0
Group Size
1-2 (17%) -20
>2 (83%) +5

Figure 3: U.S. Army Corps of Engineers (1980) user preference
distribution for boating.
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Figure 4: Model for determining the optimal mix of recreational activities
on a water supply reservoir (from Klar et al.,1983).
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capacity was evaluated based on water quality constraints and user density
standards derived from Corps (1980) user preference distances.

Because algal bioassay studies suggested that the reservoir might be
quite sensitive to phosphorus 1loading, the study concluded that no
additional nutrient loading from increased recreation was tolerable. This
ecological constraint was mitigated, however, by specifying that sewage
retaining vaults would be placed at each recreational site to essentially
eliminate potential phosphorus loading from human wastes. Furthermore, low
user densities were recommended to minimize potential nutrient loading
resulting from soil erosion. Costs associated with mitigating for
envirommental constraints were included in the economic analysis used to
determine the optimum mix of recreational activities in the reservoir.

The Corps of Engineers (1983) conducted a study of a Pennsylvania lake
to determine boating use patterns and density, and boater perceptions of
recreational quality during peak use periods (two sumer weekends and two
holidays). The study relied on aerial photographs to establish boat use
densities and distributions, and interviews to determine perceived
crowding.

Aerial photographs indicated that user densities varied substantially
within the lake, and between days, and averaged about 25 acres per boat.
Iocalized areas of congestion were identified.

User surveys indicated that during periods of peak use, conditions on
the lake were sufficiently "crowded" to alter the boating behavior of some
users. Some boaters refrained from using the lake entirely, or for part of
the day. Others avoided certain parts of the lake, or avoided certain
activities (i.e. water skiing). Dock holders were more likely to refrain
from using the lake because of crowding than day users or other boaters.
Nearly two-thirds of dock holders indicated that they would increase their
boating activity if the lake was less crowded.

Jaakson (1984) provides a case study of recreational planning for a
small, heavily utilized, urban lake in Canada. Key aspects of the planning
process were the establishment of carrying capacity limits, water use
zoning, and the appllcatlon of a decision making techm.que to resolve
disputes between various goverrmental agencies involved in formulating the
lake management plan. Carrying capacity estimates and space standards for
sailboats and muscle-powered craft were based on detailed cbservations of
boating patterns on the lake, and the subjective opinions of sailors.

Sowman  (1987) provided a framework for determining recreational
carrying capacity (Figure 5), and applied the technique to an enclosed
South African estuary (Sowman and Fuggle, 1987). The major physical,
ecological, and social constraints associated with further development of
the estuary were identified based on information obtained

13
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environment
2 Acguire Information on socic-economic | g
. environment
3. identify major recreationai activities -
4. Ascertain current recreational pressure et
5. Project resource demands -
6. Determine space rgquirements per >t
activity
l Physical constraints identified
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7 for each activity >
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8. - Lo -
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| Y
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—

9. Determine optimum level

of recreational use

Figure 5: A general procedure for recreational carrying
capacity studies (from Sowman, 1987)

Determine whether constraints can be overcome




from direct cbservations, questionnaires, interviews, ecological
consultants, and the technical literature (boating space standards).
Recammendations for regulating current and projected recreational
activities to prevent overcrowding were suggested.

Barstad and Karasov (1987) summarized studies of boat use intensity

RM hna'har Q:\‘Fohl m’l :an concerns 1 n M1 nnacn+: 'I :In:ae 'I't\w shv%‘]y #m “-.A

that perceptions of boating safety varied regionally and temporally.
Conditions were percelved to be most crowded (least safe) during weekends
and holidays, and in relatively heav1ly used Minneapolis-St.Paul metro
area lakes.

A GENERAL APPROACH

Shelby and Heberlein (1986) prov1de a general conceptual framework and
guidelines for conducting carrying capacity studies. This approach
involves both a "descriptive" and an "evaluative" component (Figure 6).
The descriptive component details the physmal blologlcal and social
aspects of the recreation system. Information is collected concerning the
nature of  existing recreational activities, and their social and
envirommental impacts. The evaluative component defines management

ot v 3 v~ P P Pt Sy, T, R | --1 Py Ry P, e a4 __ %
abjectives and determines the acceptable level of social and envirormental

impacts.

Prellmmary work mvolves the collection of background information
concerning the recreational resource, existing recreational activities,
and other pertinent data (Figure 7). Review of this information leads to a
decision either to end the study, develop a management plan on the basis
of ex:.stmg information, or conduct a more formal carrying capacity study.

Guidelines for conducting a formal carrying capacity study are

discussed in detail by Shelby and Heberlein (1986). A general outline of
the carrying capacity assessment process is provided below:

° Organize and evaluate background information.

° Identify in general terms the study objectives and resolve
initial issues related to conflicting use.

) Identify potential important ecological, physical (including
facility), and social impacts.

° Collect detailed information necessary to define existing
corditions, evaluate impacts, and refine study cbjectives.

Develop management alternatives that would 1imit impacts to

acceptable levels.
® Select a management strateqgy.

[} Monitor impacts.

15
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A. Gereral Context in Uhich Resource Exists
2o e SESCICS SXIStS

1. Geographical context
a. Nature of surrounding ares

b. Population centers
c. Access (roeds, air routes, etc.)
2. Political climate

a. Identify interest groups (activity clubs, conserva-

tion organizations, key contacts, landowners,

corcessians, businesses, influential irdividuals,

interested individuals interested legislators, etc.)

b. Specify positions of interested groyps

c. What agercies are irmolved?
- Jurisdictions of agencies
- Agercy goals and mardates (legal, philosophical)
- Applicable legislation (federal, state, local)

B. Factors Specific to the Resource

1. physical description

a. Terrain

b. Entry and exit points

c. Location of focal points, areas of use carcentra-
tion (camps, attraction sites, put-in and take-out
points, parking areas, facilities such as stores)

d. Lad owrership (e.g. pblic vs. private)

e. Major factors affecting resource use (e.g. dams,
water rights)

f. Developments and visitor services (e.g. buildings,
roxds, transportation systems, concessiors,
autfitters, stores)

2. Maragement
a. Who are the managers?
- Positions, titles
- Persoralities, length of service, flexlbmty
- Who mekes bhat decisions ?
- Formal chain of cammard
- Informa!l chain of camad

b. Management abjectives for the resource
- Gereral
- Restate in specific operatiorsl terms-what do you
want to provide? Are cbjectives flexible?

3. User description

Lhana Snmn sl s PPN SN
8. there &b visitors come framad how & ey arrive?

b. Demographic characteristics (age, incame, growp
carposition)
c. Organizational aspects (clubs, etc.)
4. Past ard present wse levels
a. Peaple per year ard charges and trends over pest

feu wears
yeers.

b. Identify problems in general ad by ares, growp,
type of wse.

capacnty study (
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) a. Name and &scrlbe activities

b. Travel modes
c. Travel patterns
- Time (Day ws2?, overnight wse?)

- Space (Where d: pecple go?)
2. Detailed description of activity
a. ldeal
b. As currently available
c. Minimal requirements.
d, Differences hotusen gﬁ."nw {je. wgulsna VS advatx
e. At a mininum, descriptions need to include space
necessary, desirable ecological characteristics,
and recreational "quality" in relation to nurber
of pecple.
. vhich activities are (or are not) considered "{egitimate
. Which activitieg conflict with one angther?

Cer ©

5. Are there differences of opinion about whether
things are 0.K.? For which activities?

S~ W

D. Substitute Activities

1. Nature of substitutes

2. Specific activities

3. Availability of substitutes

4. Differences in substitutability by activity type
ard user group.

E. Rough Estimates of Capebilities (specify assumtions
regarding technology and nomms under each category)

1. Types
a. Ecological
b. physical
c. Facilities
d. Secial
2. Decide which type of capacity is most {ikely to:
a. Be the limiting factor
b. Require the most information and work

F. Anticipate Implementation Procedure and Possible Impacts

. inplementatian
a. what will limits be?
b. Where will they be applied?
c. How will they be enforced, complied with, etc.?
2. Kinds of impacts
a. Eocmm'c - how will resaurces be distributed?
b. Suciat - how will experience change?
c. Resource - how will area charge physically?
3. who will be inpacted?
a. All interest groups
b. "Silent" folks
c. Users (different impacts for different groups?)

ucung a preiiminary carrying
m Shelby and Heberlein, 1986).



Although this approach has not been applied in detailed studies of small
freshwater lakes, it has proved useful for activities as diverse as deer
hunting and wilderness river running. The approach has been used to
provide boating carrying capacity estimates for 1ake Superior's Apostle
Island National lakeshore (Heberlein et al., 1986).

The methodology employed by Shelby and Heberlein (1986) appears to
work well in a variety of recreational settings. A key constraint in lakes
however, may be the frequent occurrence of conflicts between various
recreational activities. Unless management techniques such as zoning can
resolve user oonflicts, this model may be of limited utility in many
heavily used recreational lakes. Similarly, the Corps (1980) model appears
poorly suited to address multiple use problems. The concept of user
preference distances however, appears to be a very useful one which could
be incorporated into the Shelby and Heberlein (1986) approach.
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OTHER ISSUES INVOLVING IAKE CARRYING CAPACITY
IAKE CHARACTERISTICS

Aside fram the relationship between lake size and carrying capacity
implicit in space standards, little information is available which relates
lake morphology to recreational carrying capacity. Intuitively, one would
expect that social carrying capacity for boating would generally increase
with increased lake shoreline development (a lake with several embayments,
for example, would be expected to have a greater social carrying capacity
than a circular lake with the same surface area). This relationship is
anticipated because relatively complex 1lake morphology would tend to
reduce the frequency of encounters between boaters. An analogous situation
exists in wilderness areas where social carrying capacity is enhanced by
vegetation or topographic features which act to screen users from one
another (Pigram, 1983) Camplex lake morphology may also facilitate the
mplementatlon of zonlng plans which can reduce user conflicts, and thus
increase social carrying capacity (Jaakson, 1971).

Iake depth may be related to the susceptibility of lakes to
recreational impacts. Turbulence caused by boating would be more likely to
have an adverse impact on turbidity in relatively shallow lakes (or
shallow embayments) with silty bottom sediments. Potential for dilution of
contaminants (nutrients, petrochemicals) would be greater in lakes with
relatively greater volume to surface area ratios. Within lakes, poorly
flushed embayments would be most susceptible to adverse water quality
impacts due to contaminant loading.

Information concerning watershed soil characteristics can be used to
help predict the potential impact of shore-based activities on lake water
quality. In general areas with relatively thin soils and steep slopes
will be most 1liable to erosion caused by recreational activities. The
recreational carrying capacity of watersheds with apatite (phosphorus)
rich soils may be particularly limited.

Various models (see Reckhow, 1979; Reckhow and Simpson, 1980; Barstad
and Karasov, 1987) can help predict the sensitivity of lakes to
eutrophication, and may be of some value in predicting the impacts of
recreational nutrient 1loading. Klar et al. (1983), for example, used
simple models developed by Vollenweider (Figure 8) to evaluate the
sensitivity of the Quabbin Reservoir in Massachusetts to increased
nutrient loading from recreation or other activities. This technique, and
algal bioassay studies, suggested that the reservoir may be sensitive to
increased nutrient loading.

The use of 1lake nutrient models for recreational planning is
constrained by the 1lack of information concerning the magnitude of
nutrient loading associated with recreational activities. Furthermore,
unless nutrient loading due to recreation is high, or precise data for
other model parameters (i.e. flushing rates, nutrient input from cother
point and non-point sources) is available, it is likely that these models
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Annual Phosphorus Loading (g/m? yr)
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Figure 8: The Voiienweider Model for allowable phosphorus
ioadings in iakes (from Kiar gt al., 1983).
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will not be sensitive enough to predict the impact of recreational
activities on trophic status.

CONFLICTS BETWEEN RECREATIONAL ACTIVITIES

Conflicts frequently occur between individuals or groups pursumg
different recreational activities, and can severely compllmte carrying
capacity studies (bne.Lby and Heberlein, 1986). Conflicts occur when
incampatible activities require the same recreational resource. Examples
of activity conflicts likely to occur in freshwater recreational settings
are presented in Figure 9. The severity of potential conflicts depends
both on the nature of the activities involved, and the attitudes of
recreationists (Bury et al., 1983; Pigram, 1983). In same cases,
activities are totally incompatible because of safety concerns (e.q.
water skiing and swimming). In other cases, the chief concerns are social
impacts, and the activities may be able to coexist to some degree.

.
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Conflicts can Ir as a vresult of direct or indirect encounters

between users. Individuals hiking along a lakeshore trail, for example,
might be impacted by the noise of nearby motorboats and lltter left along
shore by fishermen. In some cases, conflicts may be difficult to detect
because one activity may displace the occurrence of other activities. A
lake heavily utilized for power boating, for example, may be largely
avoided by canceists. User surveys would be unlikely to reveal the
significance of such a conflict because of the self-selected absence of
canceists. In many lakes conflicts exist between shorefront property

owners and users with access to tha lake wvia nrivate or nnh‘! ic docks ard

—wllo T aluhve vValkk paavGee

launching facilities. In these situations, user surveys lmst be designed
so that needs and preferences of various user groups can be ascertained.

RECREATTON AND WATER SUPPLY

Historically, recreation on water supply reservoirs in the
Northeastern United States was severely restricted or prohibited (C.E.Q.,
1975). Recreation was 1limited largely because of public health concerns
related to the potential contamination of water supplies with human
wastes. With modern water treatment measures (i.e. filtration and
chlorination), however, any wastes discharged by recreationists pose

little risk to finished water supply quality (Peavy and Matney, 1977).
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MANAGEMENT PRACTICES

The following sections discuss management practices which can enhance
or preserve the recreational carrying capacity of lakes.

PROVISION AND MAINTENANCE OF SUPPORT FACILITIES

The provision and maintenance of support facilities can enhance
recreational carrying capacity, while preserving the envirormental quality
of a recreational resource. Facilities which may need to be provided
include toilets, parking lots, boat docks, boat ramps, moorings,
campsites, picnic areas, and hiking trails. Information concerning the
design and rmaintenance of these facilities is provided by Fogg (1981),
Douglas (1982), and Hendee et al. (1978). Placing limits on the
availability of facilities such as parking lot spaces and boat moorings is
a useful management technique for meeting lake carrying capacity

To preserve lake water quality, sanitation facilities must be provided
to collect and dispose of human wastes. Provision of toilets is critical
to reducing improper discharges along lakeshores by swimmers, campers,
fisherman, and other recreaticnists. Facilities should be properly
designed, situated, and maintained to encourage use, and minimize the
drainage of effluent into lakes.  Depending on level of use, the
sensitivity of a 1lake to nutrient loading, and economic considerations,
facilities can range from simple pit privies to elaborate septic systems.
In instances where lakes are sensitive to nutrient loading, the use of
pup—-out vault toilets should be considered in recreation areas.

The control of waste discharge from leisure craft is a more
camplicated problem. Facilities for offloading wastes from on-board
holding tanks should be provided if larger craft are permitted on a lake.
In some instances, holding tanks may be sealed to insure against illegal
discharges. In some lakes no offloading facilities are provided in order
to discourage 1lake use by larger boats (Courtland Cross, pers. commun.). -
It is possible, however, that this policy could lead to increased illegal

3 Yvvmes Frvmom e ale? a3
discharges from portable commodes.

SITE SELECTION

The selection of the optimal location for facilities is a key facet of
recreational planning. Careful site selection can minimize safety hazards,
conflicts between various recreational activities, and envirormental
impacts. General guidelines concerning the proper placement of campsites,
swimming beaches, boat ramps, and other support facilities are proviied by
Hendee et al., (1978), Fogg (1981), Douglas (1982), the U.S. Dept. of

Interior (1980), and Marion and Merriam (1985).
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Swimming areas should be located at sites with a gently sloped, sandy
or gravelly substrate. Because of safety concerns, cbstacles such as
large rocks and logs should be absent from the area or removed. Areas with
submerged weed beds should be avoided. Where possible, swimming areas
should be situated in well flushed 1location to minimize the potential
buildup of high bacterial counts. In lakes or reservoirs used for water

e o) haach Mo v 1 3 T adad Framem 4+ b aloma
supply, beaches should be well isclated from water intakes.

Marinas and boat ramps should be placed in areas where flushing will
minimize the potential buildup of contaminants. Where possible, sites with
submerged weed beds, soft bottoms, or sensitive shorelines should be
avoided to minimize envirormental impacts.

Soil characteristics and topography are key to the selection of
-suitable locations for campsites, picnic areas, hiking trails and other

@ore—_based_ faciliti es. Kuss and Moroan (1Q8A) nrrvida mi1idal inas fAs
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using the Universal Soil Loss Equation to estimate the carrying capacity
of sites for recreational activities. This technique predicts the
susceptibility of a site to disturbance by integrating information
concerning soil characteristics, tree canopy types, canopy densities,
ground cover types, topographical factors (i.e. slope and aspect), and
rainfall. In general, sites with steep slopes and shallow soils with low
organic content should be avoided. Potential for shoreline erosion can be
minimized by selecting sites with bedrock outcrops or cokble at the
shoreline, and by avoiding steeply sloped banks (Marion and Merriam,
1985). Selection of lakeshore sites is also dependent on the availability
of suitable sites for sanitary facilities.

BEHAVIOR MODIFICATTION

The behavior of recreationists can be altered to optimize carrying
capacity by zoning and other sorts of management techniques. Zoning is
widely used to regulate recreation in lakes. It is useful in reducing
conflicts between various activities, improving public safety, and
protecting envirommental resources. Jaakson (1971) provided a thorough
discussion of the concept and defined three primary types of zones in
lakes: shoreline, open water, and wildlife "activity zones".

The shoreline activity zone was defined to extend about 200-300 feet
from shore, or to the five foot depth contour. Jaakson suggested limiting
boating in the shoreline zone to avoid conflicts with activities such as
swimming, and to minimize adverse envirormental impacts. A speed limit of
5 miles per hour for boating traffic and the prohibition of power boat
movement parallel to shore was proposed.

The open water activity zone consists of the remainder of a lake
beyond the shoreline zone (in small shallow lakes or embayments this zone

3 Y] ~e 4=t 2 —~ ~——eY A
would be absent). In large lakes with camplex morphology, this zone could

be further subdivided to reduce conflicts between various sorts of open
water activities (i.e. water skiing; power boating, sail boating).
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The wildlife activity Zone was proposed to pmtect a portion of the
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a portion of the 1littoral zone and adjacent shoreline habitat. Jaakson
proposed limiting recreational activities in this zone to sedentary or
slow moving pursuits such as canceing, fishing, and nature cbservation.

Brown et al. (1979) summarized the types of water surface zoning
techniques employed in the United States in the late 1970's. Regulations
were classed into five broad categories:
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® Special Use Zones (e.g. no motor zones, no boat zones, slow/no
wake zones).

° Time Zoning (e.g. limiting water skiing or power boating to only
certain times during the day, seasonal use restrictions).

° Protective Space Zoning (e.g. a protective zone around slow
moving boats).

° Limited Density Zones (e.g. restricting the number of water
skiers using a lake at any one time).

Requlations were typically tailored for individual lakes on a case by case
basis, within the framework of state boating regulations.

For this study several states were contacted to survey current water
zoning policies. Wisconsin has restricted power boats to slow-no wake
speeds on lakes smaller than 50 acres since 1983. No regulations limiting
the size (horsepower) of motors are in place because of a recent court
case which found such restrictions to be unconstitutional (Dale Morrey,
pers. commn.).

Regulations in Minnesota lakes frequently involve the establishment of
speed limits and slow-minimum wake zones (Minnesota Dept. Nat. Res.,
n.d.). Shore pmtectlon zones range in width from 100 to 300 feet.
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Motorpoats are banned 1n some lakes, and in others Oru.y those powered by
electric motors are allowed. A survey of Minnesota boaters indicated that
those who perceive corditions to be crowded are strongly in favor of
zoning restrictions (Barstad and Karasov, 1987). Speed-no wake zoning and,
to a lesser extent, limitations on horsepower and boat type/size were the
most frequently requested restrictions.

Regulations established by the Vermont State Water Resources Board
frequently prohibit the use of motorboats with internal combustion engines
or place strict (5 mile per hour) speed limits (Vermont Dept. Motor
Vehicles, 1987). Shore protection zones are established for several lakes.
Houseboats and water skiing are also frequently prohibited. Surveys of
Vermont recreationists indicate that a majority support various zoning
restrictions (Lindsay and Rupe, 1979). Among user groups, fishermen were
most supportive of regulations while water skiers were the least

supportive group.
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In New Hampshire lakes, regulations in place most frequently limit
boat speeds to less than 10 miles per hour or prohibit motorboat (or
outboard motor) use entirely (New Hampshire Dept. of Safety, 1987). In
same restricted use lakes only those boats powered by internal cambustion
engines are prohibited. Shore protection zones are established for only a

few lakes.

In order to be effective, zoning regulations should be well publicized
and enforceable. Adequate resources must be allocated for public education
(signs, 1leaflets, buoys, etc.) and enforcement. Efforts to e.xplam the
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rationale and benefits associated with use restrictions are likely to

increase public acceptance and compliance (Frost and McCool, 1988).

User numbers in recreational settings can be controlled by various
sorts of rationing techniques. These include systems which limit entry
based on reservations, lotteries (chance), queuing (first-come,
first-serve), and user fees. Rationing can be employed to limit lake use
on both a daily and seasonal basis. Queuing is used, for example, on
Walden Pond (Massachusetts) where parking lot gates are closed once

carrying capacity is exceeded. In scme lakes ratiocning might be useful in
allocating, on a seasonal basis, a limited number of boat moormgs Hendee
et al. (1978) prov:.de discussions of the relative merit, and problems
associated with various rationing te.chm.ques in w1lde.rness situations.
Much of their discussion, however, is applicable to other recreational

settings.
MITIGATION METHODS

AlthOUGh management efforts should focus on “1n1m‘lz1m the
envirormental affects of recreational activities, it is also possmle to
mitigate for some unacceptable adverse impacts. Embankments denuded of
vegetation and prone to erosion can be stabilized and revegetated.
Technical information concerm_ng the use of innovative bloe.ngmeermg
techniques to stabilize slopes is presented by Allen (1978), Edminster et
al. (1949), Gray and Leiser (1982), ard Schiechtl (1980) Information
concerning the selection of plant material for use in riparian habitats is
provided by Hightshoe (1978), E.P.A. (1976), and Whitlow et al. (1979) .
Useful quidelines on the wildlife value of various plants are provided by

Martin et al. (1951) and Degraaf and Witman (1979).

Many recreation areas with erosion problems may be located on poorly
suited sites. In some instances it may be desirable and cost effective to
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abandon these areas in favor of more suitable locations.

Over flsh_mg of game fish has long been mitigated by stocking
programs. Disruption of water fowl breeding habitat can be mitigated for
by provision of artificial nesting sites (e.g. wood duck boxes, and
artificial floating islands for loons).
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Recreational carrying capacity can be enhanced by the control of
infestations of aquatic weeds such as the eurasian water millfoil.
Although control strategies may be costly, and entail some envirormental
costs, adverse impacts may be outweighed by the benefits both to
recreationists and aquatic resources.

27



THE ENVIRONMENTAL IMPACTS OF RECREATION ON LAKES

This section provides a brief literature review concerning the
envirommental impacts of recreaticnal activities on temperate lakes
Earlier reviews concerning the envirommental effects of recreation on
aquatic and/or terrestrial resources include those of Goldsmith (1974),
Speight (1973), Wall and Wright (1977), Liddle and Scorgie (1980), Peavy
and Matney (1977), Boyle and Samson (1985), Kuss and Graefe (1985), Kuss
(1986), Edington and Edington (1986), and Hammitt and Cole (1987).
Bibliographies of the relevant literature are provided by Stankey and Lime
(1973), Pearce and Eaton (1983), and Boyle and Samson (1983).

Microbial Contamination

Numerocus studies have investigated the impact of recreatiocnal
activities on the coliform concentrations in lakes and reservoirs. Most
have failed to establish a clear 1link between bacterial counts and
recreation activities (see Rhode Island State Planning Program, 1974;
Peavy and Matney, 1977).

A few studies indicate that shore-based activities such as bank
fishing and camping may result in elevated coliform counts in lake
waters. King and Mace (1974) found that coliform bacteria levels in
remote Minnesota lakes were higher near campsites than at adjacent control
sites. Soils were shallow, and effluent from pit toilets was considered
the most probable scurce of contamination. Barbaro et al. (1969) provide
circumstantial evidence that improper discharges by bank fisherman
contributed to elevated coliform counts in a Massachusetts reservoir.

A major potential source of bacterial contamination is the improper
discharge of wastes from leisure craft (Peavy and Matney, 1977). Several
studies have noted increased concentrations of bacteria in the vicinity of
marinas in freshwater lakes or reservoirs. Elevated concentrations
probably result from the improper handling of wastes at offloading and
treatment facilities, or from the illegal discharges of wastes fram

holding tanks.

Individuals shed a considerable number of bacteria into recreational
waters while swimming (Hanes et al., 1982). Although several studies
indicate that swimming may cause localized increases in bacterial density
(see Peavy and Matney, 1977; Sherry, 1986), others have found no
correlation between bacterial counts in recreational waters and the number
of swimmers (Sekla et al., 1982). The potential for increased
concentrations of pathogens is likely to be greatest in situations where
swimming beaches are located in poorly flushed embayments (Burton, 1982;
Johnstone and Babb, 1986).
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One measure of <carrying <capacity with respect to microbial
contamination would be the level of use at which recreational activities
increase concentrations of pathogens to the point where bathers are at a
s:.gm.tlcant risk of infection (see Sekla et al., 1987). Several recent
ey;uuluULug.LL,cu. ::cuu.l.es have related increased risk of gasrrourceStlnal
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United States Frnwvirommental Protection Agency has recommended a 30 day

___________ mended a 30 day
mean criteria of 33 enteroooc010er100mlmfresh waters (U.S. E.P.A.,
1986) . At present, few studies have related enterococcal inputs from
recreational activities to this standard. Selka (et al. 1987), hcwever,
found that enterococcal concentrations in a very heavily used swm\m;mg

beach in Manitoba were dD/.LUU mi.

In summary, most nrevious studies suggest that
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have a m.m_unal impact on the microbial flora of lakes. Significant

increases in bacterial counts are likely to occur only in locallzed areas
(i.e. campsites, beaches, and marinas).

Nutrients
arnra. 1 o~ 3vrd el = d 4o dmm 1l erda dleo
R aticnal activities can add nutrients to lake a,uayauuua via the
o=

indirect or direct human wastes alscnargea by recreationists. Potentla.l.
loading rates which assume that a&ll wastes produced by individuals
evsm'lma]‘lv enter the lake myci-om are on the order of 2-2 grams +otal

phosphorus and 8-9 grams total nitrogen per user per day (Bniska, 1985;

see Klar et al., 1983). Actual loadmg rates maybe somewhat 1%5, and
would depend on the utilization and efficiency of waste collection
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concentrations as a result of recreational activities. Total phosphorus

v
levels in remote Minnesota lakes were sianific antly higher near primitive
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campsites than at adjacent control locations (King and Mace, 1974).
Effluent fram shallow pit toilets, detergents, and “outboard motor fuel
were likely sources of phosphorus. chkman and Dorais (1977) found strong
evidence that erosmn of phosphorus (apatlte) rich soils caused by human
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exchange between bottom sediments and lake waters. Field studies by Yousef
et al. (1980) found that mixing by motorboats in two shallow, muddy

bottamed, Florida lakes significantly increased turbidity and phosphorus
levels in lake waters. Increases in chlorophyll a concentration (a measure
of algal productivity) were also noted a short time after mixing, but
could be attributable to suspended benthic algae. Phosphorus released from
susperded sediments would either be rapidly taken up by algae or bacteria
or (under aercbic conditions) form an insoluble precipitate with ferric

redammmars A
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Susrended Sediments

Various recreational activities have the potential to elevate
suspended solids concentrations in lake waters. Bottom sediments can be
resuspended by motorboats (e.g. Wright, 1982; Gucinski, 1982) and
presumably to some extent even by less intense activities such as
swnmm.ng The amount of sediments resuspended by boat:mg will depend

=1 L o b el L
tJL.uln.LJ.J.] on the type of boat amd boat vc.l.ux.,.x.\.y, gx.a.ux size of bottom

sediments, and water depth (Garrad and Hey, 1987) . The amount of material
suspended is 1likely to be greatest in shallow waters with muddy,

unvegetated bottorm‘s The occurence of prolonged water quality Jmpacts
would deperd on the frequency and intensity of boating, and the settling
rate of suspended material.

Boat wakes can cause shore erosion (Liddle and Scorgie, 1980), and
could conceivably increase the ambient suspended solid concentration in
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likely to be a problem in waterways with narrow channels, sharp bends, or
areas with steep, poorly vegetated banks (Miller et al., 1987).

On-shore activities such as bank fishing, boat launching, hiking, and
camping can disturb soils and vegetation, and are likely to result in
increased transport of sediments into lakes, stream and reservoirs.
Although there is considerable anecdotal evidence that recreation can lead
to increased erosion (e.g. Dickman and Dorais, 1977), few studies have

Avam I masd
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Various actions can help minimize the impa pact of recreation on
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suspended sediment 1loading in lake and reservoirs. Resuspensmn of bottom
sediments can be minimized by zoning ordinances which 1limit boat
velocities and/or boat access to sensitive areas (i.e. shallow, sheltered
embayments with soft bottoms). Experimental studies can be used to
establish threshold velocities at which which very little resuspension of
bottom sediment occurs (Garrad and Hey, 1987).
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Contaminants

Two-stroke outboard motors release a variety of contaminants into lake
waters through engine exhausts and, in older (pre 1972) models, through
crankcase drainage (see Jackivicz and Kuzminski, 1973 a). Principle
contaminants released into waters by exhausts are nonvolatile oils
(lubricating oils), volatile oils (gasoline), phenols, and lead (English
et al., 1963). Montz et al. (1982) found that the major water soluble
hydrocarbons found in exhausts are monocyclic benzene derivatives.

Older motors without crankcase recycling discharged on average, 10 -
20 % of fuel into lake waters. Typical inputs of gasoline, lubricating
0il, and other petrochemicals via sp:.llage by boaters have not been
quantlfled.

Few studies have investigated the effects of contaminants released by
boating  on lake water quality. English et al. - (1963) conducted
experimental field studies and noted that levels of hydrocarbons in water
increased in a small pond ard lake over a summer with increased cumilative
fuel consumption. Byrd and Perona (1980) noted a correlation between the
rmuber of boats launched and lead concentrations in water from the boat
dock area of a large (1420 ha) California lake. Lead concentrations in the
main body of the lake, however, was not significantly affected by boating.
Several studies have noted that contaminates discharged from outboard
motors can form visible surface slicks (Jackivicz and Kuzminski, 1973 b).
Hallock and Falter (1987) concluded that nitrogen and phospshorus released
from boat engines was an insignificant source of nutrient enrichment in an
Idaho lake.

In marine waters, Gschwend (see Montz et al., 1982) noted higher
concentrations of volatile organic compounds, (benzenes) from Vineyard
Scund  (Massachusetts) immediately after sumer weekends in which
recreational activity were oreatest. Voudrais and Smith (1986) noted
elevated concentrations @ of petrochemically derived hydrocarbons in bottom
sediments from estuarine marinas. Boat ramps should be placed in well
flushed areas to avoid potential buildup of hydrocarbons and other
pollutants.

Argling Litter

Several recent studies in Great Britain. have quantified the amount of
angling litter (fishing line, 1lead sinkers, and hocks) deposited by
fisherman (Bell, et al. 1985; Forbes 1986; Edwards and Cryer 1987).
Estimates of the amount of fishing line lost by anglers are on the order
of 2.5 to 5 meters per visit. Estimated loss rates for sinkers range from
2-3 to 4-7 per visit. As might be expected, the highest densities of
sinkers are found near shore, and near favored fishing sites. In one
study, 95 % of all sinkers recovered were within 2.5 meters of localized
fishing sites. Cryer et al. {1987) suggest that dissolution of lead shot
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probably takes at least several decades, so high densities of sinkers are
likely to accumlate at heavily used sites. Although lead sinkers are very
unlikely to adversely impact lake water quality, their potential impact on
water fowl can be of great concern.

FISH

2 lt_h.glg‘\ there is an enormous amount of literature available

concerning the management of sport fisheries in inland lakes, little is
known concerning the affects of recreational activities (other than
fishing) on fish. Several studies have determined that high concentrations
of outboard motor exhausts can be toxic to various fish species (see
Jackivicz and Kuzminski, 1973 b; Brenniman et al., 1979). Acute toxicity
studies indicate that motor boat exhausts are lethal to 50 % of test fish
at concentrations corresponding to fuel use levels of 1 gallon of fuel per
1,000 - 3000 gallons of receiving water. The affects of chronic, long-term
exposure to low concentrations of exhausts was not determined in these
studies.

The flesh of fish exposed to outboard motor exhausts and other
petrochemicals can acquire an unpleasant taste. Although difficult to
extrapolate to field situations experunental studles suggest that

cutbcard motor exhausts \uu.,.Luuulg Crankcase drainage) are unlikely to

taint fish flesh, except perhaps in heavily used lakes or poorly flushed
embayments. The fuel use threshold at which tainted fish flesh can be
detected is about one gallon of fuel per 300,000 gallons of lake water
(Jackivicz and Kuzminski, 1973 b). Stewart and Howard (1968) indicated a
use level threshold of about 8 gallons of fuel per season per million
gallons of lake water. Using this value, the fuel utilization threshold
for a 10 acre lake with a mean depth of 10 feet would be about 260 gallons
per season. Presumably, reduced exhaust emissions due to crankcase
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Oates (1976) found that lead concentration in fish from Kansas lakes
heavily used for boating did not differ significantly from that of fish
from lakes on which boating was prohibited.

There are apparently no reports in the literature which evaluate the
significance of suspended sediments derived from recreation to fish ard
other aquatic biocta. The general impacts of suspended sediments on aquatic
biota have been reviewed in detail by Gammon (1970), Stern and Stickle
(1978), and Wilber (1983). Fish are generally tolerant of high
concentrations of suspended sediments, and are unlikely to be
significantly affected by short term perlodlc exposure to boat generated
turbidity.

Early studies by Lagler et al. (1950) found that motor boats could
disturb nesting male bluegill, pumpkinseed, and largemouth bass. Mueller
(1980) also found that boating disturbed the nest guarding behavior of

32



male sunfish, and resulted in increased egg loss due to predation. Fish
were disturbed more readily by relatively slow moving boats. Paddle boats
passing close to the nest were more disruptive than motor boats passing at
a similar distance and velocity.

AT TAMTTT N XTI A
EXNAIAL LN\ .Ll‘ vx:mz.uvu.m

Bg;_n_::l_ng has the potential to adversely impact aquatic invertebrates by
disturbing benthic habltats and via the release of contaminants into the
water. Iagler et al. (1950) found that repeated use of small ocutboard
motors (194 total hours over a 2.5 month period) along a set course within
a small pond substantially reduced invertebrates abundance in the affected
area. Marnell et al. (see Liddle and Scorgie, 1980) reported that benthic

invertebrates in shallow zones of rivers may be disrupted or eliminated by
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Kuzminski et al. (1974) conducted static bicassays on the effect of
outboard motor exhausts (including crankcase drainage) on several aquatic
invertebrates. Results suggest that even the most sensitive invertebrate
species 1is unlikely to suffer lethal affects unless dilution of exhausts

by lake water is severely limited.

Iaboratory studies suggest that periodic exposure to elevated
twrbulence and suspended solid concentrations can have an adverse
physiological impact on several species of freshwater mussels (Aldridge et
al., 1987). Reduced filtering rates (feeding) were noted in clams exposed
to elevated suspended solid’ levels for only several minutes every three
hours. It is possible that periodic disturbances by motor boats could have

similar impacts.

Placement of groundbaites to attract fish 1is widely practiced by
anglers in the Uruted KJ.ngd and can significantly alter benthic
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A large number of studies suggest that recreational activities can
have a deleterious impact on water fowl (e.g. Tuite et al. 1984; Cooke
1987; see Little and Scorgie, 1980). Water fowl can be adversely impacted
both by direct dlsturbances and by habitat degradatlon resultlng from

‘fﬁ?féati()ﬁ, or recreatlona.L IaClJ.ltleS Kecreac.LonaJ. 1.mpaccs on water fowl
and other wildlife range from low level stress to direct mortality (Figure

-~y e

Disturbances by bank fisherman, boaters, and others can reduce the
abundance and/or alter the distribution of water fowl on lakes and
reservoirs. Human disturbances can be especially detrimental during
nesting and brood-rearing periods. Disturbances during this time can lead
to increased egg or chick mortality due to nest abandorment or predation.
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Category of Impact

Description of Impact

.....

Direct Mortamy

Indirect Mortality

Lowered Productivity

Reduced Use of Refuge

Reduced of Prefarrad
Habitat

Aberrant Behavior/Strass

Immediate, on-site dea ath of an animal.
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5
D
»
2
3
i !
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®
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l
1 the manner they normally would in the
absence of visitor activity.

Wiidiife use is relegated to less suitable
habitat due to visitor activity.

Wildlife demonstrating unusual behavior or
signs of stress that are likely to resuit
in reduced reproductive or survival rates.

Figure 10: Potential visitor impacts on wildlife (from Purdy et al., 1986).
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Water fowl on relatively remote lakes with little previocus use may be more
sensitive to disturbance by human activities than those adapted to more
heavily used areas. Overall, the continued utilization of lakes and
reservoirs by some water fowl species may depend on the existence of areas

{ Dadd 10
not nae11v assessable to boaters or cother individuals (Batten, 19

Cooke, 1987)

Breeding areas for colonial water fowl such as great blue herons can
be protected by zoning (Vos et al. 1985). Buffer zones should be
established before birds arrive at Dreealng sites in the spring and be
maintained until sites are deserted for the year after fledging. Buffer

zones should encompass the greatest distances at which recreational

L= Yo e

activities cause birds to flush at any time throughout the breeding season
pPlus an additional buffer distance because birds may be stressed by humans
prior to when they take flight. Because responses are likely to vary
between sites, recommended dlstances should be based on cbservations and

avrmari marndal et A P P . P O

SAaplAdiSitdl SUUGleEs for each individual w;uuy. Guidelines for creating
buffer zones on larnd are pmv:Lded by Buckley arnd Buckley (1978). Buoys can
be used to demarcate boundaries in water.

Various studies suggest that recreational activities can have an
adverse impact on loons. Human disturbances can reduce the number of
breeding loons on lakes (Vermeer, 1983), and reduce the number of young

M vty vl . — [PVt h K~y puy
produced per nest (Titus and VanDruff, 1981). Disturbances may result in

abandorment of nests or loss of eggs or chicks can occur due to predation.
Because chicks occur predominately close to shore, near-shore recreation
may be more detrimental than activities in deeper waters (Strong and
Bissonette, 1989). Recreatiocnal J.mpacts may be tempered saomewhat because

sSame loons can pecome naoltuatea to human ac1:1v1t1es (Heunberger et al. ’
1983).

Because loons reuse nesting sites from year to year (Strong et al.,
1987), it is important to protect known nesting and nursery areas.
Artificial islands can provide high quality nesting sites for loons in
developed lakes lackmg suitable sites. Monitoring and educational

- Y . ~_ - ey

Frograms may reduce .uupa\.«t_: from uman disturbance {Sutciiife, 19/9).

The bottom sediments of lakes and wetlands utilized by hunters may
contain high concentrations of spent shot (e.g. Spray and Milne, 1988).
The ability of diving ducks and other water fowl to pick up this shot
while foraging for benthic invertebrates and plants is well established,

as is the subsequent poisoning of water fowl by mg%ted lead shot

‘o ~la e =) o d=dmmde 2 vem dea
(Bellrose, 1976), Rescoe et al. (1979) estimates that up to two million

ducks and geese die of lead pmsonmg in the United States each year.
Although lead shot is still in use in the United States, measures have
been taken to protect water fowl by establishing non-toxic (steel) shot
Zones in some states.
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The potential threat of lead sinkers discarded by fisherman has also
been recognized in recent years. In particular, sinkers have been
implicated in the deaths of mute swans in England, Scotland and Ireland
(see Thamas et al., 1987). There are no significant problems involved in
nrndnr*'lm sinkers from non toxic materials, and there nee has recentlvy
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became mandatory in the British Isles.

Water fowl mortality resulting from entanglement in discarded fishing
line has also been frequently reported (e.g. Edwards and Cryer, 1987).

OTHER WILDLIFE

Little is known concerning the impacts of lake based recreation on
other wildlife. 1In Florida, collisions with boats account for a
substantial proportion of deaths of the federally endangered West Indian
Manatee (O'Shea et al., 1985). Interactions between anglers and the otter

fora= D v A A e TAaEE€fasmiacm 1007\
in great Britain were discussed Oy velrieries (.1507/).

AQUATIC VEGETATION

Eme.rgent macrophyteﬁ growing along lakes and rivers are susoeptlble to
trampling by fishermen, boaters, swimmers, and others utilizing the shore
zone (Murphy and Pearce, 1987; Liddle and Scorgie, 1980). In some

instances 1mnacts m‘ll }"\D largo1 vl imited +o narrow access t.rallS. n

others, heavy recreational pressures may severely degraded emergent plant
camunities. Experimental studies indicate that tall emergent macrophytes
growing near shore are generally more susceptible to trampling than
relatively short species found at higher elevations (Rees and Tivy, 1978).

Boating has the potential to impact submerged aquatic plants in
several ways (Fiqure 11). Plants can be damaged as a result of direct
contact (i.e. cutting by propellers or uprooting by paddles), or
indirectly as a result of the erosive action of boat wash. Turbidity
generated by boating can reduce light availability, and may reduce
macrophyte productivity. Although no studles have quantlfled the affects

of boating on submerged wmacrophytes in lakes, Murphy and Eaton (1983)

found that the macrophyte standing crop in small English canals was
reduced when boat traffic exceeded about 2000-4000 passages per hectare
/meter depth/year. Taylor and Exrman (1979) attributed chang&s in submerged
macrophyte communities of alpine lakes to increased nutrient loading

caused by shore-based activities.

Pnﬁreat-lnn:‘l hnnt traffl "‘"S L\m.—i 1m lcaa-,va ir thc dlS“’“'""“ Gf
aquatic weeds between lakes (e.g. Johnstone _t al., 1985), and thus can

potentially have a major indirect impact on submerged aquatic plant
canmmnities. Stringent measures should be employed to prevent the
mtroductlon of aquatlc weeds into uninfested lakes arnd reservoirs. Boater
education campalgns, inspections, and weed control in the vicinity of
boat ramps in infested lakes can help reduce the threat of interlake

disrersal .
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Figure 11: Potential impacts of boating on aquatic
vegetation (from Liddle and Scorgie, 1980).
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CONCLIUSIONS

This report is intended to provide New Hampshire water resource
planners with a general understanding of the recreational carrying
capacity concept and related issues involving the management of lake
resources for recreation. Principal conclusions of this study are as
follows:

~ 1. Although recreational carrying capacity is a highly subjective
concept, it has proven to be a useful framework for developing management
policies in a variety of recreational settings.

2. There is no standard approach for determining recreational carrying
capacity. Guidelines for conducting carrying capacity studies provided by
Shelby and Heberlein (1986), however, appear applicable to lake-based
recreational settings. At the very least, their work provides a useful
conceptual basis for planning carrying capacity studies.

3. Although boating 'space standards'" can be developed as part of
carrying capacity studies for individual lakes, published standards should
serve as only general guidelines for evaluating lake carrying capacity.
Variable lake morphology and other factors precludes the development of
uniform space standards.

4. A large amount of  literature is available concerning the
envirormental affects of recreational activities on lakes. Although
potential impacts have been identified, few studies have correlated user
density (or intensity of use) to environmental impacts. Determination of
ecological carrying capacity is ultimately a subjective decision.

5. Information is lacking concerning the magnitude of nutrient loading
by recreationists into lake ecosystems. Particularly needed are studies to
evaluate the effectiveness of regulations which prohibit the disposal of
sanitary wastes into lake waters by boaters. It would be prudent to
protect sensitive lakes by using purp-out vault type toilets (rather than
septic systems), by taking measures to minimize J_mproper waste discharges
from boats (regulations and enforcement), and by minimizing shoreline
erosion (i.e. 1limiting user density, proper site selection, shoreline
restoration). Roughly 40 percent of New Hampshire lakes are oligotrophic
(Estabrook, pers. commun.), and thus may be particularly vulnerable to
nutrient enrichment.

6. Efforts should be made to restrict recreational activities in the
vicinity of known loon nesting sites during the breeding and nesting
season. Protection efforts may be important even ir. remote, relatively
unused lakes where loons may be relatively sensitive to human disturbance.
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